SYNOPSIS A large group of patients with chronic heart block was studied for evidence of neurological disorder. Six out of 892 patients were found who had neuromuscular disease related to the conduction disturbance. In four patients, cardiac involvement appeared selectively to affect the conducting tissues. Three of these patients had a scapuloperoneal syndrome, the fourth, the oculocraniosomatic syndrome. In the remaining two patients, one with limb girdle dystrophy and the other with dystrophia myotonica, cardiomyopathy was present in addition to the conduction disturbance.
This paper reports the first comprehensive study of the frequency and nature of neurological disorders occurring in association with complete heart block. The most common pathological cause of chronic heart block is idiopathic bundle branch fibrosis (Davies, 1971) thought by Lenegre, who described it, to be a selective myopathy of the cardiac conducting 'tissues (Lenegre, 1964) . His original series of 66 cases contained two patients with 'muscular dystrophy of a type difficult to classify.' The aim of this paper was, therefore, to classify the types of neuromuscular disorder which occur in patients with complete heart block and to find how frequently this association accounts for the development of atrioventricular dissociation in the population at large.
METHODS
The case records of 892 patients with chronic complete heart block from the cardiological departments of St. George's Hospital and the National Heart Hospital were studied for evidence of neurological abnormality. To confirm that the documentation of the patients was adequate, a random sample of 20% of the total grotip was interviewed and examined personally. Patients with incomplete heart block or transient heart block secondary to myocardial infarction were not included.
Those cases with evidence of neuromuscular disease were examined in detail, a family history taken, serum creatine phosphokinase levels measured and, when possible, electromyography performed. Muscle biopsy specimens, obtained under local anaesthetic, were examined using conventional morphological and histochemical techniques (Dubowitz and Brooke, 1973) .
RESULTS
The 892 patients (501 male, 391 female) who were studied were aged between 2 and 97 years, with a mean of 70 years. Among 675 patients with idiopathic heart block there were six with neuromuscular abnormalities considered to be related aetiologically to the development of their disturbance of cardiac conduction. Three patients had a scapuloperoneal syndrome and the others had respectively limb girdle dystrophy, dystrophia myotonica, and the oculocraniosomatic syndrome (Tables 1 and 2 block developed eight years after the onset of muscle disease. Although he had some exertional dyspnoea, there was no definite clinical or radiological evidence of heart failure and cardiomyopathy. The family history was negative. Neurological examination showed bilateral wasting and weakness of the shoulder girdle musculature with winging of the scapulae. The triceps, biceps, and brachioradialis muscles were also weak. In the legs, wasting and weakness was distal and confined to the left side. All movements of the left foot were weak and foot drop was present but there was preservation of muscle bulk and power in the left extensor digitorum brevis muscle.
There was additionally mild weakness of the musculature of the face, neck, and pelvic girdle. Reflexes (Figure (a) ) and of the legs below the knee (Figure (b) ) with bilateral foot drop. Power and bulk in the right extensor digitorum brevis was preserved but this muscle was atrophic on the left. Slight pelvic girdle and facial weakness were also present. There was no sensory loss and the reflexes, except for the ankle jerks, were preserved. CASE 3 A.M., a man, showed winging of the scapula at a routine medical examination at the age of 35 u (I years; symptomatic weakness developed five years later. The slow progression of the disorder has allowed full activity up to the age of 70 years except for some disability playing golf. Cardiac involvement became apparent at the age of 64 years with blackouts due to complete heart block.
A sister and one daughter were affected by dystrophy of scapuloperoneal distribution but also had facial weakness. At present neither shows conduction abnormalities on electrocardiography.
On examination there was weakness confined to the shoulder girdle and to the dorsiflexors and evertors of the feet. Sensation was normal and the tendon reflexes were preserved. I iSK j;. ; ' . . X~~~I M.C., a woman aged 39 years, presented in the first decade of life with a slowly progressive limb girdle dystrophy and had remained independent up to the time of examination. Cardiac symptoms developed at age 33 years with palpitations, dizzy spells, and heart failure. There was evidence of a cardiomyopathy with disease of the sinus node and of the peripheral conducting tissues resulting in complete atrioventricular dissociation and sinoatrial disorder. CASE 5 J.C., a man, presented at the age of 15 years with short stature and was found later to have ptosis, external ophthalmoplegia, proximal limb weakness, ataxia, and retinitis pigmentosa. The cerebrospinal fluid protein was raised (1.2 g/l). A muscle biopsy showed many 'red-ragged' fibres to be present, thus confirming the diagnosis of oculocraniosomatic syndrome. Although he had no cardiac symptoms, serial electrocardiographs showed evidence of progressive peripheral conduction defect with evolution from left anterior hemiblock to bifascicular block and transient complete heart block over a period of seven years. There was no evidence of myocardial involvement. It is of interest that his father has unexplained bifascicular heart block but no other features of the syndrome. CASE 6 L.E., a 64 year old woman, had the typical clinical features of dystrophia myotonica. Cardiac symptoms occurred three decades after the appearance of neurological symptoms. In addition to Stokes-Adams attacks from complete heart block, exertional dyspnoea and cardiomegaly suggested that there was also an underlying cardiomyopathy.
DISCUSSION
Neuromuscular disease was found to be a rare cause of atrioventricular heart block, being present in 0.7% of the patients studied. The patients formed two groups: the first had apparently isolated cardiac conduction disturbances, whereas the second group had a diffuse cardiomyopathy, with associated damage to the conducting tissue. The first group contained the three patients with a scapuloperoneal syndrome and the patient with the oculocraniosomatic syndrome.
The three patients affected by the scapuloperoneal syndrome showed similar clinical features: all were men who had developed slowly progressive weakness in adult life but remained active up to 60 years after the onset of symptoms. In the two cases submitted to biopsy, a myopathic process was demonstrated. Two cases were sporadic, in the third a positive family history was obtained. Cardiac involvement became clinically apparent between eight and 50 years after the onset of skeletal muscle symptoms.
Cardiac involvement in the scapuloperoneal syndrome has been described only in recent years: in a current series (Thomas et al., 1975) the significance of the electrocardiographic abnormalities that were found was considered to be uncertain. Three reports describe families in which males with a scapuloperoneal syndrome have developed complete heart block. In the largest study, an X-linked scapuloperoneal dystrophy became apparent in the first decade of life. Sudden death was common in middle age and was attributed to cardiac arrest, since heart block was demonstrated in five patients (Rotthauwe et al., 1972) . In a second family with an X-linked scapuloperoneal dystrophy two brothers developed heart block before the age of 20 years (Mawatari and Katayama, 1973) . In the third family described, in which two middle-aged brothers were affected, mixed myopathic and neurogenic changes were found (Takahashi et al., 1974) . Diffuse conduction disturbances have also been described recently in two families with an X-linked humeroperoneal neuromuscular disease (Waters et al., 1975) .
In the oculocraniosomatic syndrome (Olson et al., 1972) , alternatively known as the 'opththalmoplegia plus' syndrome (Drachman, 1968) , cardiac rhythm disturbances are an important cause of morbidity and mortality (Karpati et al., 1973; Schneck et al., 1973) . In known cases, serial electrocardiograms enable asymptomatic progressive intraventricular conduction disturbances to be recognised before complete heart block develops (Kastor, 1975 (Olson et al., 1972) , cerebellum (Schneck et al., 1973) , and eccrine sweat glands (Karpati et al., 1973) and it is tempting to speculate that similar changes will be found in the heart. (Thomas et al., 1972) our three cases had clinical evidence of damage localised to the conducting tissues.
The most common pathological change in the heart in chronic atrioventricular block is idiopathic bundle branch fibrosis, thought to represent the end stage of a number of possible disease processes in which the conducting tissues are damaged selectively (Davies, 1971 
